Abstract Chrysogenamide A (1), a new member of the macfortine group of alkaloids, along with four known compounds (2ϳ5) were identified from Penicillium chrysogenum No. 005, an endophytic fungus associated with Cistanche deserticola Y. C. Ma. The new structure was elucidated on the basis of comprehensive spectral analysis. 1 exhibited a neurocyte protection effect against oxidative stress-induced cell death in SH-SY5Y cells.
Introduction
Cistanche deserticola (Y. C. Ma) is a parasitic plant native to the northwest of China. The stem of this plant is an important traditional Chinese medicine and is used for the treatment of kidney deficiency and neurasthenia ("The Chinese Medicine Dictionary", 1977). Phenylthanoid glycosides from C. deserticola have been reported to have activities in preventing and treating cranial nerve diseases and scavenging free radicals [1, 2] . Based on the fact that endophytic fungi can produce new medicinal components and the same/similar ones as those from the host plants, searching for new active compounds from endophytic fungi of important medicinal plants shows value for the development of new medicinal resources. In the course of our search for new neuroprotective compounds from endophytic fungi from C. deserticola collected from Inner Mongolia in northwest China, three active strains were screened using SH-SY5Y cells. Among them, the culture broth of a fungus No. 005, authenticated as Penicillium chrysogenum, showed a significant neurocyte protection effect against oxidative stress-induced cell death in SH-SY5Y cells. Studies on the active constituents of this strain led to the isolation of chrysogenamide A (1) (Fig. 1 ) through a bioassay-guided isolation procedure. In addition, four known compounds were isolated and identified as circumdatin G (2) [3] , 2-[(2-hydroxypropionyl) amino] benzamide (3) [4] , 2Ј,3Ј-dihydrosorbicillin (4) [5] and (9Z,12Z)-2,3-dihydroxypropyl octadeca-9,12-dienoate (5) [6] , by comparison of their spectroscopic data with literature data. Here, we report on the isolation, identification and neuroprotective effect of chrysogenamide A. 
Materials and Methods

Fungal Material
Fermentation and Extraction
The fungus was grown under static conditions at 24°C for 30 days in 35 1000-ml conical flasks containing a liquid medium (300 ml/flask) composed of glucose (10 g/liter), maltose (20 g/liter), mannitol (20 g/liter), monosodium glutamate (10 g/liter), KH 2 PO 4 (0.5 g/liter), MgSO 4 ·7H 2 O (0.3 g/liter), corn steep liquor (1.0 g/liter) and yeast extract (3.0 g/liter) and seawater after adjusting its pH to 7.0. The fermented whole broth (10.5 liters) was extracted three times with EtOAc to give an EtOAc soln, which was concentrated under reduced pressure to give a crude extract (9.5 g).
Purification
The crude extract (9.5 g) was separated into 15 fractions on a silica gel column using a step gradient elution of petroleum ether/Me 2 CO. The fraction 2, eluted with 8 : 2 petroleum ether/Me 2 CO, was recrystallized from MeOH, yielding 3 as colorless needles (8.0 mg). The fraction 3 (19.0 mg), eluted with 7 : 3 petroleum ether/Me 2 CO, was further separated by reversed-phase column (RP18, 40ϳ60 mm, Merck; MeOH -H 2 Oϭ3 : 2→4 : 1→MeOH) to afford fr. 3ϳ7 (8.0 mg), which was purified by extensive PHPLC (60% MeOH containing 0.1% TFA, 4.0 ml/minute) to give 4 (2.0 mg). The fraction 4 (26.0 mg), eluted with 6 : 4 petroleum ether/Me 2 CO, was further separated by reversed-phase column (RP18, 40ϳ60 m m, Merck; MeOH -H 2 Oϭ3 : 2→4 : 1→MeOH) to afford fr. 4-3 (5.4 mg) and fr. 4-9 (7.6 mg). Then, the fr. 4-3 was separated by extensive PHPLC [YMC-pack ODS (A), 10ϫ250 mm, 5 m m, 4.0 ml/minute] (60% MeOH, 4.0 ml/minute) to yield 2 (1.0 mg), and the fr. 4-9 was separated by extensive PHPLC (80% MeOH, 4.0 ml/minute) to yield 1 (4.0 mg) and 5 (2.6 mg). 
DPPH Radical Scavenging Effect
A MeOH soln (160 m l) of varying sample concentrations (1.0 mg/mlϳ0.0001 mg/ml) was added to 40 ml DPPH (1,1-diphenyl-2-picrylhydrazyl; Sigma) MeOH soln (1.5ϫ 10 Ϫ4 M). After mixing gently and leaving for 30 minutes at room temperature, the optical density was measured at 520 nm using a spectrophotometer. The antioxidant activity of each sample was expressed in terms of IC 50 (mg/ml or m M required to inhibit DPPH radical formation by 50%) and calculated from the log-dose inhibition curve.
Cell Culture and Drug Treatment
Human neuroblastoma SH-SY5Y cells were cultured in DMEM medium and maintained at 37°C in a humidified atmosphere with 5.0% CO 2 . These cell suspensions (180 ml) at a density of 5ϫ10 4 cell ml Ϫ1 were plated in 96-well microtiter plates and incubated for 24 hours at the above condition. Chrysogenamide A solution (2.0 m l in DMSO) at different concentrations was added to each well except the control and model groups and further incubated for 1 hour in the same conditions. H 2 O 2 (Sigma Chemical Co., MO, USA) was added to induce apoptosis in SH-SY5Y cells at a final concentration of 200 mM for 24 hours. Cell viability was determined using an MTT assay. MTT dissolved in phosphate buffered saline was added at the end of incubation to a final concentration of 5.0 mg/ml (PBS), and then incubated at 37°C for 4 hours. Discarding the supernatant, the resultant formazan product was dissolved with 200 ml DMSO and detected at 570 nm. [7] . Interpretation of HMBC correlations (Fig. 2) indicated the presence of partial structure A (HMBC correlations 1-NH to C-8 and C-9; H-6 to C-26; H-5 to C-7 and C-9; H-26 to C-28 and C-8 and H-27 to C-29 and C-30) and B (HMBC correlations H-10 to C-3, C-22, C-21, C-11, C-12; H-20 to C-13, C-18, C-22, C-11 and 19-NH to C-13, C-10), and C, a six membered G ring [8] with a methylated carbon at C-17 (HMBC correlations H-23 to C-17, C-16). The connectivity of substructure A to B through C-3 was supported by the key HMBC correlations from H-4 and 1-NH to C-3; H-10 to C-2 and C-9. The connection between structure B and C with a nitrogen atom was deduced by the key HMBC correlations from H-12 to C-17 and C-13 and comparing their corresponding chemical shifts of C-12 and C-17 (d C 64.9 and 58.7). The above analysis indicated that 1 had a similar structure to marcfortine A except for the differences of the side chain at benzene ring and a methyl at C-17 of the six membered G ring. So the gross structure of 1 was assigned as shown in Fig. 1 .
Results and Discussion
The relative stereochemistry of 1 was elucidated on the basis of NOESY data (Fig. 3) . Previous studies have revealed that the 2-oxindole alkaloid type compounds adopted a conformation in which the central five-membered ring is orthogonal to the plane of the oxindole subunit [9] . NOESY correlations between H-4 and H-10a, H-25 and between 19-NH and H-10a indicated that they were both on the face of the cyclopentanoid ring that orients them toward H-4, fixing the relative stereochemistry at C-3 as shown. NOESY interactions between H-21, H-12a, H-10b, H-23 and H-24 placed the corresponding substituents together on the frontal face of the cyclopentanoid ring. The relative stereochemistry proposed for 1 is in agreement with the relevant features of the relative stereochemistry of marcfortine A [7] . The Cotton effect at 200ϳ250 nm arises from an n-p * transition of the diketopiperazine amide bonds, which is diagnostic for the bicyclo-[2.2.2] diazaoctane diketopiperazine core [10, 11] . The CD spectrum of 1 (Fig. 4) correlated to relevant regions of that of (ϩ)-brevianamide A [11] . So the absolute stereochemistry of 1 should be 3S, 11S, 13S, 17S, 21R and was given the name of chrysogenamide A. Preliminary evaluation of the protective effect of chrysogenamide A on neurocytes was evaluated using oxidative stress-induced cell death in SH-SY5Y cells by an MTT assay. The free radical scavenging activity of chrysogenamide A was first examined using DPPH as a free radical donor. In contrast to vitamin C (IC 50 : 29.0 mM), chrysogenamide A did not show any ability (IC 50 Ͼ100 m M) to scavenge DPPH free radical at a concentration up to 100 mM. Meanwhile we tested whether chrysogenamide A protected cells against oxidative stressinduced cell death in SH-SY5Y human neuroblastoma cells. The oxidative stress by hydrogen peroxide resulted in a decrease in the cell viability by 43% as compared with control group. Chrysogenamide A inhibited cell death induced by hydrogen peroxide by improving cells viability by 59.6% at concentration of 1ϫ10 Ϫ4 m M. These data suggested that chrysogenamide A showed a neurocyte protection effect against oxidative stress-induced cell death, not through its antioxidant activity.
Indole alkaloids possessing an unusual bicyclo [2.2.2] diazaoctane ring system have been isolated from different genera of fungi such as Aspergillus [12, 9, 13] , Penicillium [14ϳ16] and Malbranchea [17] . 1 was a new member of this group of compounds, it possessed a skeleton expected to be an intermediate in the biosynthesis of the citrinadins A and B reported as a novel class of pentacyclic spiroindolinone alkaloids in 2005 [18] . From the structural point of view, it is important to point out that 1 is a unique structure with methylation at position C-17 and a 2-oxindole moiety possessing an isoprene unit at C-7. Some of these indol alkaloids isolated to date exhibit a potent antiparasitic activity [19] , inhibition of human tumor cell [13] and cytotoxicity [10] . To the best of our knowledge, it is the first report of neuroprotection by this type of alkaloids. 
